This paper discusses four experiments on Dutch which show that distinctive phonological features differ in their relevance for word recognition. The relevance of a feature for word recognition depends on its phonological stability, that is, the extent to which that feature is generally realized in accordance with its lexical specification in the relevant word position. If one feature value is uninformative, all values of that feature are less relevant for word recognition, with the least informative feature being the least relevant. Features differ in their relevance both in spoken and written word recognition, though the differences are more pronounced in auditory lexical decision than in self-paced reading.
Introduction
Under natural conditions, words are regularly presented in non-prototypical shapes, as the result of assimilations, neutralizations, mispronunciations, typos, or illegible handwritings. Previous research suggests that the number of mismatching distinctive phonological features affects the ease of both spoken (e.g., Connine, Blasko, & Titone, 1993; Milberg, Blumstein, & Dworetzky, 1988) and written (Lukatela, Eaton, Lee, & Turvey, 2001) word recognition. If the number of mismatching features is larger, it is more difficult to recognize a word. It is more difficult to recognize sook than pook as book, because sook differs in two features from book, and pook in only one.
In this paper, we discuss whether phonological distinctive features are equally relevant for word recognition. More specifically, we address the question whether the relevance of a feature depends on its phonological stability, which we define as the extent to which the feature is generally realized in accordance with its specification in the mental lexicon. A featureÕs phono-logical stability is lower when it is less often realized in accordance with its lexical specification. Thus, in English, place of articulation has a lower phonological stability than [voice] , since place is prone to assimilation, whereas voice is not (e.g., Jensen, 1993) . We may expect that listeners and readers rely more upon features that are more stable, as these features provide the most valid cues. Moreover, if the lexical values of one and the same feature (the values that the feature may have in the lexical representations of words) differ in phonological stability, for instance, because only one value is involved in assimilation processes, we may also expect that speakers and listeners rely especially on the stable surface value, which is informative about the lexical value of the feature. Some support for the effect of phonological stability comes from Miller and Nicely (1955) . They found that in English, where voice is more stable than place, the classification of voice is little affected by low-pass and noisy systems, whereas the classification of place of articulation is severely affected.
We report one auditory lexical decision experiment and three self-paced reading experiments, investigating the relevance of the distinctive phonological features voice, manner of articulation, and place of articulation in word recognition in Dutch. We concentrate on both fricatives and plosives in word-initial position.
For word-initial fricatives, voice is less stable than manner and place of articulation in Dutch. Dutch has no phonological processes affecting the manner or place of articulation of consonants, whereas some phonological processes affect the voice specifications of wordinitial fricatives. As a result of these processes, lexically voiced fricatives are regularly realized as unvoiced in word-initial position. After obstruents, they are obligatorily realized as unvoiced (e.g., Booij, 1995, p. 58) , and in utterance-initial position they also tend to be unvoiced. Thus, een zwaard Ôa swordÕ is realized with [z] , but het zwaard (Ôthe swordÕ) is invariably realized with [s] , and zwaard in isolation also tends to be realized with [s] . In addition, speakers of some varieties of Dutch realize all /z/Õs and /v/Õs as unvoiced (Collins & Mees, 1981; Gussenhoven & Bremmer, 1983) .
In contrast to lexically voiced fricatives, lexically unvoiced fricatives are generally realized in accordance with their lexical representations. This means that only an unvoiced realization of a word-initial fricative is uninformative. A voiced realization is informative, as it implies a lexically voiced representation. In the auditory lexical decision experiment, we compared lexically voiced and unvoiced fricatives in order to ascertain if the phonological stability of one value affects the relevance of the other value of the same feature.
In contrast to fricatives, plosives are generally realized in accordance with their lexical representations in word-initial positions. They are always realized as plosives with the lexically specified voice and place of articulation in these positions. In word final positions, however, voice is not stable for plosives, as final plosives, independently of their lexical representations, are realized as voiced before voiced plosives, and as unvoiced in all other contexts. If the phonological stability that determines a featureÕs relevance is the phonological stability in the relevant position in the word, the three features voice, manner, and place would be equally relevant for plosives in word-initial position. If, in contrast, the stability that determines a featureÕs rele-vance is its general stability in all positions, voice may be less relevant than manner and place for plosives, also in word-initial positions. We compared voice with manner and with place for word-initial plosives in order to ascertain whether a featureÕs general or specific phonological stability affects its relevance for word recognition.
In addition to comparing voice with both manner and place of articulation, we also compared manner and place of articulation with each other. These features do not differ in their phonological stability, but they may nevertheless differ in their relevance for word recognition, because of some other property.
Experiment 1
In Experiment 1 we investigated the relevance of voice, manner, and place of articulation in auditory lexical decision. We split up the discussion of this experiment in three parts. We compare voice with manner in Experiment 1a, voice with place in Experiment 1b, and manner with place of articulation in Experiment 1c (see Table 1 ).
Method

Materials
For each subexperiment, we selected 32 monomorphemic words with the initial obstruents /z/, /s/, /v/, /f/, /b/, /p/, /d/, or /t/, each initial segment being represented by four words (see Appendix A). A male speaker recorded the words on a DAT (BASF master 94) in a soundproof room by means of a portable DAT-recorder Aiwa HD S100 and a Sony microphone ECM MS957. The recordings were stored as .wav files (sample rate: 48 kHz) on a computer by means of the speech analysis package Praat (Boersma, 1996) .
Our speaker recorded four versions of each word (see Table 1 and the Appendix A). In the first version, the realization of the initial segment corresponded with its lexical representation. In the second version, the initial We created four lists of words. Each list contained only one version of each word, and, for every subexperiment, one version type for each initial obstruent. The different versions of a word occupied the same positions in the different lists. Each list contained 155 fillers-101 existing words and 54 pseudowords-and was preceded by 10 practice items.
Procedure
Participants listened to the stimuli over headphones (Sennheiser HD 210), and decided as fast as possible whether a stimulus was an existing Dutch word (auditory lexical decision). They made their decision known by pressing a ''yes'' or ''no'' button. Each item was preceded by a beep of 400 Hz for 500 ms. The item followed 200 ms after this beep. The reaction times were measured from word offset, and time out was set to 2500 ms.
The practice items were followed by a break, and so were each 62 items in the actual experimental lists, such that there were three breaks in each session in total. Every break lasted as long as the participant wished, with a minimum of 3 min.
Participants
Forty participants were paid to participate in the experiment. All participants were native speakers of Dutch, and grew up in areas where voiced fricatives are distinguished from their unvoiced counterparts. Most participants were undergraduates at the Nijmegen University. Each list was presented to 10 participants.
Results and discussion
We considered as correct the word responses to the lexical realizations of the words, and the non-word responses to the non-lexical realizations. We concentrated on the responses to the non-lexical realizations, as these realizations are especially relevant for our research question. Given the phonological stability of the features, we predicted that voice is less relevant for word recognition than manner and place, and consequently that realizations with incorrect voice are more word-like than realizations with incorrect manner of place. Listeners therefore may have more problems classifying realizations with incorrect voice as non-words than realizations with incorrect manner or place. As a consequence, realizations with incorrect voice will more often be incorrectly classified as existing words. In addition, we may expect that listeners have more problems classifying realizations as non-words when the initial consonant has only an incorrect voice than when it also has an incorrect manner or place of articulation. We tested the two hypotheses with one-tailed t-tests, if general analyses of variances taking all version types into account gave us reasons to do so. Bonferroni adjustment was applied to the resulting p values.
Previous literature (Connine et al., 1993; Milberg et al., 1988) suggests that a higher number of mismatching features makes word identification more difficult. If this hypothesis is correct, realizations with only an incorrect manner or place specification should be more word-like, and therefore harder to classify, than realizations that also have an incorrect voice. However, given our hypothesis that phonological stability is the determining factor in sublexical processing, we expect no difference between these realizations, because both involve one incorrect stable feature. We compared these version types also with one-tailed t tests. 
Results and discussion Experiment 1a
Percentages of correct responses. Table 2 shows the percentages of correct responses and the mean reaction times of these correct responses for Experiment 1a, which compared voice with manner of articulation. We analyzed the numbers of correct and incorrect responses by means of two analyses of variance, one with participant means (F 1 ) and one with item means (F 2 ) as the random variable. We considered as independent variables Realization variant (lexical, incorrect voice, incorrect manner, incorrect voice and manner), and the lexical manner of articulation of the initial consonant (fricative, plosive). Both analyses showed a main effect of Realization variant (F 1 ð3; 37Þ ¼ 20:38, p < :001; F 2 ð3; 28Þ ¼ 13:11, p < :001), and an interaction between Realization variant and the manner of the initial consonant (F 1 ð3; 37Þ ¼ 13:58, p < :001; F 2 ð3; 28Þ ¼ 7:84, p ¼ :001). Realization variant was significant for fricatives (F 1 ð3; 37Þ ¼ 20:54, p < :001; F 2 ð3; 13Þ ¼ 12:67, p < :001), whereas it was significant for the plosives only in the participant analysis (F 1 ð3; 37Þ ¼ 5:134, p ¼ :005; F 2 ð3; 13Þ ¼ 2:32, p > :1).
For the fricative-initial words incorrect voice elicited more incorrect responses than incorrect manner (t 1 ð39Þ ¼ À7:54, p < :001; t 2 ð15Þ ¼ À6:34, p < :001). Hence, participants tended to pay little attention to incorrect voice, which suggests that voice is less relevant than manner for lexical fricatives in auditory word recognition.
We tested the relevance of the two different values of the feature voice (voiced and unvoiced), as only the unvoiced realizations are uninformative. Analyses of variance comparing only the responses to realizations with incorrect voice and those with incorrect manner for the fricative-initial words, including the lexical voice specification of the initial fricative as a factor, revealed a main effect of Realization variant (F 1 ð1;19Þ ¼ 56:87, p < :001; F 2 ð1;14Þ ¼ 51:59, p < :001), and an interaction of Realization variant with lexical voice (F 1 ð1;39Þ ¼ 16:25, p < :001; F 2 ð1;14Þ ¼ 5:41, p ¼ :036). Participants incorrectly classified a word more often as an existing word, if it had an incorrect voice than if it had an incorrect manner, both for the words with lexically voiced fricatives (t 1 ð39Þ ¼ À8:45, p < :001; t 2 ð7Þ ¼ À5:18, p < :001), and those with lexically unvoiced fricatives (t 1 ð39Þ ¼ À4:42, p < :001; t 2 ð7Þ ¼ À6:25, p < :001). The interaction shows that this difference is larger for the lexically voiced than for the lexically unvoiced realizations (51% vs. 26%).
For the fricative-initial words, incorrect voice also elicited more incorrect responses than incorrect voice and manner (t 1 ð39Þ ¼ À587, p < :001; t 2 ð15Þ ¼ À3:74, p ¼ :002). In contrast, incorrect voice and manner differs from incorrect manner only in the participant analysis (t 1 ð39Þ ¼ 2:91, p ¼ :006; t 2 ð15Þ ¼ 1:14, p > :1), with incorrect manner eliciting more, instead of fewer, correct responses. This pattern of results is in line with our hypothesis.
For plosives, the difference between incorrect voice and incorrect manner was significant in the participant analysis only (t 1 ð39Þ ¼ À2:21, p ¼ :034; t 2 ð15Þ ¼ À1:24, p > :1). The numbers of correct responses did not differ between incorrect voice and incorrect voice and manner (p > :29, in both the participant and item analyses). Voice and manner do not differ in their relevance for word-initial plosives.
Reaction times. Analyses of the reaction times for the correct responses showed similar patterns. Both the participant and the item analysis showed a main effect of Realization variant (F 1 ð1; 34Þ ¼ 8:99, p ¼ :005; F 2 ð3; 27Þ ¼ 15:13, p < :001). The participant analysis also showed an interaction between Realization variant and the manner of the initial consonant (plosive or fricative: F 1 ð3; 32Þ ¼ 5:408, p ¼ :004), which was marginally supported by the item analysis (F 2 ð3; 27Þ ¼ 2:30, p ¼ :100). Realization variant affected the reaction times both for the fricative-initial words (F 1 ð3; 32Þ ¼ 22:31, p < :001; F 2 ð3; 12Þ ¼ 8:75, p ¼ :002), and the plosiveinitial words (F 1 ð3; 37Þ ¼ 12:88, p < :001; F 2 ð3; 13Þ ¼ 9:03, p ¼ :002).
One-tailed t tests on item and participant means showed that for the fricative-initial words incorrect voice elicited slower responses than incorrect manner (t 1 ð34Þ ¼ 4:99, p < :001; t 2 ð14Þ ¼ 4:20, p < :001). Hence, the listeners delayed more in case of an incorrect voice, which suggests that they relied more upon manner. An analysis of variance comparing incorrect voice with incorrect manner for the fricative-initial words, including the factor lexical voice specification of the fricative, showed a main effect of Realization variant (F 1 ð1; 22Þ ¼ 14:91, p ¼ :001; F 2 ð1; 13Þ ¼ 20:07, p ¼ :001), and no interaction between Realization variant and the lexical voice specification of the fricative (F 1 ð1; 22Þ ¼ 3:04, p ¼ :09; F 2 ð1; 13Þ ¼ 2:29, p > :10). Voice is less relevant for lexically voiced and unvoiced fricatives, even though only unvoiced realizations are uninformative.
As predicted, also the difference between incorrect voice and incorrect manner and voice was statistically significant for the fricative-initial words (t 1 ð34Þ ¼ 4:99, p < :001; t 2 ð14Þ ¼ 3:92, p ¼ :001). In contrast, also as predicted, the difference between incorrect manner and incorrect voice and manner was not significant (p > :76 in the participant and item analyses). These results show that not the number of incorrect features but the phonological stability of the features is the determining factor in sublexical processing.
For the plosive-initial words, reaction times did not differ between incorrect voice and incorrect manner (p > :086 in the participant and item analyses). The difference between incorrect manner and incorrect voice and manner was significant in the participant analysis only (t 1 ð39Þ ¼ 2:49, p ¼ :017; t 2 ð15Þ ¼ 1:38, p ¼ :19). Voice and manner specifications appear not to differ in their relevance for plosives in word-initial position.
We conclude that voice is a less relevant feature than manner of articulation for word-initial fricatives in Dutch spoken word recognition, whereas the two features hardly differ in their relevance for word-initial plosives. Recall that voice and manner differ in phonological stability for fricatives in word-initial position, the position under investigation in this experiment. For plosives, the two features differ in phonological stability only in word final position. Our results suggest therefore that the relevance of a feature in auditory word recognition depends especially on its phonological stability in the relevant prosodic position.
Although primarily lexically voiced fricatives are phonologically unstable, the voice specification of both voiced and unvoiced realizations of initial fricatives is a less relevant cue for lexical identification than manner. This suggests that if one value of a feature is uninformative, all values of that feature are less relevant for auditory word recognition. In addition, listeners rely even less on the least informative value of that feature.
Results and discussion Experiment 1b
Percentages of correct responses. Table 3 shows the percentages of correct responses for Experiment 1b, which compared voice with place of articulation. Analyses of variance showed a main effect of Realization variant (lexical, incorrect voice, incorrect place, incorrect voice and place: F 1 ð1; 37Þ ¼ 17:44, p < :001; F 2 ð3; 28Þ ¼ 16:71, p < :001), and an interaction between Realization variant and the manner of articulation of the initial consonant (fricative, plosive: F 1 ð1; 37Þ ¼ 10:28, p < :001; F 2 ð3; 28Þ ¼ 13:85, p < :001). Realization variant only affected the responses to the fricative-initial words (F 1 ð3; 37Þ ¼ 15:47, p < :001; F 2 ð3; 13Þ ¼ 23:52, p < :001). The responses to the plosive-initial words were not affected by Realization variant (both F s < 1).
For the fricative-initial words, t tests showed that incorrect voice elicited significantly more incorrect responses than incorrect place (t 1 ð39Þ ¼ À6:65, p < :001; t 2 ð15Þ ¼ À7:38, p < :001). The listeners relied less on the voice information than on the place information in the signal.
Analyses of variance for the fricative-initial words only comparing the responses to realizations with incorrect voice and those with incorrect place, and including the lexical voice specification of the initial fricative, revealed a main effect of Realization variant (F 1 ð1;39Þ ¼ 44:26, p < :001; F 2 ð1;14Þ ¼ 66:48, p ¼ :056), and an interaction between Realization variant and lexical voice (F 1 ð1;39Þ ¼ 12:63, p < :001; F 2 ð1;14Þ ¼ 4:34, p ¼ :056). Realization variant affected the responses to the lexically voiced (incorrect voice vs. incorrect manner: t 1 ð39Þ ¼ À7:37, p < :001; t 2 ð7Þ ¼ À5:94, p ¼ :001) and unvoiced fricatives (t 1 ð39Þ ¼ À4:66, p < :001; t 2 ð7Þ ¼ 6:00, p ¼ :001), but the lexically voiced fricatives were affected to a greater extent (52% vs. 29%). Listeners relied less upon unvoiced realizations, which are less informative.
Reaction times. Table 3 also shows the mean reaction times of the correct responses for the four realization variants. Analyses of variance showed an effect of Realization variant (F 1 ð3; 29Þ ¼ 16:55, p < :001; F 2 ð3; 28Þ ¼ 22:82, p < :001), and no interaction between Realization variant and the manner of articulation of the initial consonant (fricative, plosive: both F s < 1).
Reaction times were longer for incorrect voice than for incorrect place (t 1 ð39Þ ¼ 3:02, p ¼ :004; t 2 ð31Þ ¼ 2:49, p ¼ :018), which suggests that the listeners based their decision more on the place than on the voice information in the signal. The reaction times were also significantly longer for incorrect voice than for incorrect voice and place (t 1 ð39Þ ¼ 3:33, p ¼ :002; t 2 ð31Þ ¼ 2:82, p ¼ :004). They did not differ between incorrect place and incorrect voice and place (t 1 ð39Þ ¼ À1:65, p ¼ :053; t 2 ð31Þ ¼ À1:39, p ¼ :088). These results show that voice is less relevant than place for auditory word recognition.
Although the interaction between Realization variant and the manner of articulation of the initial consonant was not significant in the analyses of variance, we carried out separate t tests for the fricative and the plosiveinitial words, as we had attested an interaction in the percentages of correct responses. For the fricatives, the reaction times were longer for incorrect voice than for incorrect place (t 1 ð31Þ ¼ 2:60, p ¼ :014; t 2 ð15Þ ¼ 2:19, p ¼ :044). There was no such difference for the plosiveinitial words (t 1 ð39Þ ¼ 1:08, p > :1; t 2 ð15Þ ¼ 1:31, p > :1). The difference between incorrect voice and incorrect place is mainly evidenced by the fricatives.
Finally, we carried out analyses of variance comparing the incorrect voice realizations with the incorrect place realizations for the fricative-initial words, distinguishing between lexically voiced and unvoiced fricatives. We found main effects for Realization variant (F 1 ð1; 23Þ ¼ 44:26, p < :001; F 2 ð1; 14Þ ¼ 5:65, p ¼ :032), and an interaction between Realization variant and the lexical voice specification of the fricative (F 1 ð1; 23Þ ¼ 12:63, p ¼ :001; F 2 ð1; 14Þ ¼ 3:60, p ¼ :079). Incorrect voice and incorrect place differed for the lexically voiced fricatives (t 1 ð23Þ ¼ 3:07, p ¼ :005; t 2 ð7Þ ¼ 3:15, p ¼ :016), whereas they did not differ for the unvoiced fricatives (p > :29 in the participant and item analyses). The listeners did not heavily rely on the uninformative, unvoiced realizations of the lexically voiced fricatives.
In conclusion, listeners classify fricative-initial words more often as existing words, if the fricative has been realized with incorrect voice than if it has been realized with incorrect place of articulation. No such difference in percentages of correct responses was found for the plosive-initial words. In addition, we found that listeners hesitated less when there is a mismatch in place than in voice, and also this difference seems to be greater for the fricatives. The differences between fricatives and plosives support our conclusion from Experiment 1a that the relevance of a feature for auditory word recognition is especially affected by its phonological stability in the relevant word position. Finally, as in Experiment 1a, the percentages of correct responses show that voice is less relevant both for the lexically voiced and unvoiced fricatives, which supports the hypothesis that if one feature value is uninformative, both values of the feature are less relevant. In addition, listeners rely the least on the least informative value of the feature.
Results and discussion Experiment 1c
Percentages of correct responses. The percentages correct responses to the stimuli in subexperiment 1c are listed in Table 4 . This subexperiment compared manner and place. Analyses of variance showed no main effect of Realization variant (lexical, incorrect manner, incorrect place, incorrect manner and place: F 1 ð3; 37Þ ¼ 1:20, p > :1; F 2 ð3; 28Þ ¼ 1:17, p > :1), and no interaction between Realization variant and the manner of the word-initial consonant (F 1 ð3; 37Þ ¼ 2:49, p ¼ :075; F 2 ð3; 28Þ ¼ 1:31, p > :1).
Reaction times. The reaction times (see Table 4 for the means) revealed a main effect of Realization variant (F 1 ð3;37Þ ¼ 24:90, p < :001; F 2 ð3;28Þ ¼ 21:90, p < :001), and no interaction between Realization variant and the lexical manner of articulation of the initial consonant (F 1 ð3;37Þ ¼ 1:78, p > :1; F 2 ð3;28Þ ¼ :97, p > :1). T tests showed that the incorrect realizations of the words did not differ from each other. The main effect of Realization variant resulted from the differences between the lexical realizations and the non-lexical representations. We conclude that Experiment 1c provided no evidence for a difference between manner and place of articulation in their relevance for auditory word recognition. This finding corresponds with the fact that these features also do not differ in their phonological stability.
General conclusions and discussion
In summary, Experiment 1 has shown that distinctive features may differ in their relevance for auditory word recognition. In Dutch, voice is less relevant for fricatives in word-initial position than manner and place of articulation, which corresponds with the weak phonological stability of voice and the strong phonological stability of manner and place for fricatives. Listeners attach an even smaller value to voice in uninformative, unvoiced realizations of fricatives than in informative, voiced realizations, which means that they rely the least upon the least informative value of a feature. Both values are affected, however, by the uninformativeness of unvoiced realizations.
For plosives, voice seems to be approximately as relevant for the recognition of a word as manner and place. Since voice is phonologically as stable as manner and place of articulation for plosives in word-initial position, which is the position tested in this experiment, these results suggest that the phonological stability which determines the relevance of a feature is especially the phonological stability in the relevant word position.
In Experiments 2-4, we investigated the relevance of voice, manner, and place of articulation in written word recognition, as previous research has suggested that phonological distinctive features also play a role in reading (Lukatela et al., 2001) . We chose the self-paced reading paradigm, since this paradigm allows for preceding context to facilitate the processing of an incorrect grapheme, and it therefore approaches natural written word recognition better than lexical decision. Experiments 2-4 compare the same distinctive phonological features as Experiments 1a-1c, respectively. Given the weak phonological stability of voice, we predicted that readers have less difficulty recognizing the intended word when the spelling reflects for the initial consonant an incorrect voice feature than when the spelling reflects an incorrect manner specification, or an incorrect place specification, independently of whether this incorrect manner or place specification is accompanied by an incorrect voice specification. We compared the reading times for these spellings by means of onetailed t tests with Bonferroni adjustment, if the analyses of variance showed that the spelling of a word affected the reading times. We did not expect a difference between words spelled with only incorrect manner or place and words which were also spelled incorrectly with respect to voice. We compared these spellings also with one-tailed t tests.
Experiment 2
In Experiment 2 we compared the relevance of voice with the relevance of manner of articulation both for fricatives and plosives in word-initial position (see Table 1 ).
Method
Materials
We selected 32 monomorphemic words starting with /b/, /p/, /d/, /t/, /z/, /s/, /v/, and /f/, each initial segment being represented by four words. The words were embedded in sentences. Each sentence consisted of a subject noun phrase, a verb form, a determiner, the target word, and a prepositional phrase. For instance, the word saus was embedded in De kok goot de saus over de aardappels ''The cook poured the sauce over the potatoes.'' Each target word was spelled correctly in one version of the sentence (lexical), and misspelled in three other versions (see Appendix A). In these non-lexical versions, the initial consonant of the target word was spelled as having the incorrect voice specification (e.g., zaus instead of saus), the incorrect manner specification (e.g., taus instead of saus), or both the incorrect voice and manner specification (e.g., daus instead of saus). These incorrect spellings did not represent existing words of Dutch. The target word could be easily identified given the preceding context, also when it was misspelled. Apart from the initial grapheme of the target word, the four versions of a sentence were identical.
The four versions of the sentences gave a total of 128 experimental sentences. We divided them over four experimental lists, such that each list contained one version of every sentence, and one sentence for each version type for every initial segment. The 32 experimental sentences in each list were pseudorandomly mixed with 144 filler sentences, which were all spelled correctly. The versions of a sentence occupied the same position in each list. Every list was preceded by a block of 14 practice sentences.
Each sentence in the experiment was followed by a question about that sentence. The questions stimulated the participants to read the sentences carefully, and to focus on content instead of form.
Procedure
The participants performed a self-paced reading task. They were tested individually, sitting in a dimly lit room in front of a PC monitor, and a panel with three buttons. The course of a trial was as follows. The participant saw a fixation point, indicating the starting position of all sentences. The participant pressed the middle button, and a complete sentence was presented on the screen. The letters, however, had been replaced by dashes. Only the full stop at the end of the sentence was visible. The participant pressed the middle button, and the dashes of the first word were converted into letters. The participant read this word, and pressed the middle button again, which reconverted the letters of the first word into dashes, and made the second word legible. The participant read this word, pressed the button, and read the following word. This was repeated until the participant had read all words of the sentence. The participant then saw the word vraag ''question'' for 1.0 s on the screen, followed by the question about the sentence. If the answer to the question was Ôyes,Õ the participant pressed the ''yes'' button. If the answer was Ôno,Õ the participant pressed the ''no'' button. We measured the time span between the successive button presses, that is, the time a participant needed to read each word in the sentence. The participants were told that some sentences contained misspellings, that they should ignore those, and that it would be clear from the context which word was intended.
Participants
Forty undergraduates from the Nijmegen University participated in the experiment. All were native speakers of Dutch, and none had participated in Experiment 1.
Results and discussion
We discarded the extremely long (longer than 4000 ms) and extremely short (shorter than 50 ms) reading times. From the remaining reading times, we excluded those that were more than two standard deviations away from both the participant and item means for a given word in the given spelling variant. In total we discarded 1.2% of reading times. Table 5 shows the average resulting reading times for the target words and the directly following words for the four spelling variants, distinguishing between fricative and plosive-initial words. We took the words directly following the target words into account, since there are often spill-over effects to the following words in selfpaced reading tasks (Just, Carpenter, & Woolley, 1982) .
We carried out analyses of variance on the participant and item means with Position (target word, the following word), Spelling variant (lexical, incorrect voice, incorrect manner, incorrect voice and manner), and the manner of articulation of the initial consonant (fricative, plosive) as factors. The analyses showed main effects of Position (F 1 ð1; 39Þ ¼ 3:13, p < :085; F 2 ð1; 30Þ ¼ 15:78, p < :001), and Spelling variant (F 1 ð3; 37Þ ¼ 22:24, p < :001; F 2 ð3; 28Þ ¼ 19:86, p < :001), and an interaction between Position and Spelling variant (F 1 ð3; 37Þ ¼ 6:10, p < :001; F 2 ð3; 28Þ ¼ 9:26, p < :001). No interactions with the manner of articulation of the initial consonant were significant.
T tests on the participant and item means showed no differences between the incorrect conditions at the target word. The word following the target word was read significantly faster for incorrect voice compared with incorrect manner (t 1 ð39Þ ¼ À2:55, p ¼ :016; t 2 ð31Þ ¼ À2:90, p ¼ :008), and also compared with incorrect voice and manner (t 1 ð39Þ ¼ À3:87, p < :001; t 2 ð31Þ ¼ À3:57, p ¼ :002). We attested no significant differences between incorrect manner and incorrect voice and manner.
We conclude that voice is less relevant than manner of articulation, also in written word recognition. In contrast to auditory lexical decision (see Experiment 1a), voice seems to be less relevant than manner both for the fricatives and the plosives in self-paced reading. One possible explanation for this difference may be that in written word recognition a featureÕs relevance is affected by its general phonological stability.
Experiment 3
In Experiment 3, we compared the relevance of voice with the relevance of place of articulation, both for word-initial fricatives and plosives (see Table 1 ).
Method
Materials
We selected again 32 monomorphemic words starting with /b/, /p/, /d/, /t/, /z/, /s/, /v/, and /f/, each initial segment being represented by four words. We created four versions of each word: the word was spelled correctly, or its initial consonant was spelled as having the incorrect voice specification, an incorrect place of articulation (labial instead of alveolar, or vice versa), or both the incorrect voice and place (see Appendix A). The incorrect spellings did not represent existing words. The words were embedded in sentences with the same structure as in Experiment 2, and the sentences were distributed over four experimental lists, also as in Experiment 2. The experimental items in each list were pseudorandomly mixed with 64 filler sentences, 16 of which contained misspelled verb forms. Every list started with 14 practice sentences. All sentences were followed by questions.
Procedure
The procedure was the same as in Experiment 2.
Participants
Forty native speakers of Dutch were paid for their participation. Most of them were undergraduate students of the Nijmegen University. None of them had participated in Experiment 1 or 2.
Results and discussion
We cleared the data set as in Experiment 2, which resulted in the exclusion of 1.0% of data points. Table 6 shows the resulting average reading times for the fricative and plosive-initial target words and their directly following words, broken down for the four spelling variants. Analyses of variance with Position (target word, following word), Spelling variant (lexical, incorrect voice, incorrect place, incorrect voice and place), and the manner of articulation of the initial consonant Table 6 The average reading times (in ms) for the target word and the following word for the four spellings of the target word, separately for fricative-and plosive-initial target words, in Experiment 3 T tests on the participant and item means showed no differences between the incorrect conditions at the target word. At the word following the target word, the differences between incorrect voice and incorrect place were not statistically significant when we tested the fricative and plosive-initial words together. We also tested the two word types separately, because of the statistically significant interaction in the participant analysis. For the fricatives, we found a difference between incorrect voice and incorrect place at the word following the target word (t 1 ð39Þ ¼ À3:35, p ¼ :004; t 2 ð14Þ ¼ À3:15, p ¼ :014). Moreover, incorrect voice differed from incorrect voice and place at this position (t 1 ð39Þ ¼ À3:10, p ¼ :008; t 2 ð15Þ ¼ À2:41, p ¼ :058). These results show that voice and place differ for the fricatives.
We found no differences for the initial plosives. Recall that we also had found no large differences between incorrect voice and incorrect place for the initial plosives in the corresponding auditory lexical decision experiment (Experiment 1b). On the basis of this difference between fricatives and plosives, we concluded that especially the specific phonological stability of a feature for the relevant word position affects its relevance for auditory word recognition. Experiments 2 and 3 do not provide convincing evidence that the same also holds for written word recognition. The results from Experiment 2 suggest that readers overcome incorrect voice more easily than incorrect manner, also for plosive-initial words.
Experiment 4
We compared the relevance of manner and place of articulation in Experiment 4 (see Table 1 ).
Method
Materials
We selected again 32 monomorphemic nouns starting with /b/, /p/, /d/, /t/, /z/, /s/, /v/, and /f/, each initial segment being represented by four words, and again we created four versions for each word: the word was spelled correctly, or its initial consonant was spelled as having the incorrect manner specification, the incorrect place specification, or both the incorrect manner and place specification (see Appendix A). The incorrect spellings did not represent existing nouns of Dutch. The words were embedded in sentences with the same structure as in Experiments 2 and 3, and we also constructed four experimental lists as in Experiments 2 and 3. The experimental items were mixed with 108 filler sentences, 30 of which contained misspelled verb forms. All lists were preceded by 14 practice sentences, and each sentence was followed by a question.
Procedure
The procedure was the same as in Experiments 2 and 3.
Participants
Sixty native speakers of Dutch were paid for their participation. Most of them were undergraduate students of the Nijmegen University. None of them had participated in Experiment 1, 2, or 3.
Results and discussion
The data set was cleared as in Experiments 2 and 3. In total, we excluded 1.2% of reading times. Table 7 shows the resulting mean reading times for the target words and the directly following words, distinguishing between the different spelling variants. Analyses of variance with Position (target word, directly following word), Spelling variant (lexical, incorrect manner, incorrect place, incorrect manner and place), and the lexical manner of articulation of the word-initial consonant (fricative, plosive) as independent variables revealed a main effect for the Spelling variant (F 1 ð3; 57Þ ¼ 24:93, p < :001; F 2 ð3; 28Þ ¼ 46:45, p < :001), and no interactions.
T tests did not provide any evidence for a difference between incorrect manner and incorrect place (p > :88 in the participant and the item analyses). Hence, both the auditory lexical decision experiment and the self-paced reading experiment do not show any difference in relevance between manner and place of articulation in Dutch word recognition. Table 7 The average reading times (in ms) for the target word and the following word for the four spellings of the target word, separately for fricativeand plosive-initial target words, in Experiment 4 
General discussion
This study reports four experiments on Dutch testing the hypothesis that a featureÕs relevance is correlated with the extent to which that feature is phonologically stable, or informative, given the phonological and phonetic tendencies in the language. Experiment 1 showed that Dutch listeners rely less upon voice than upon manner and place of articulation for fricative-initial words. They tend to classify words realized with the non-lexical voice specification for the initial fricative as existing words, and, if they do classify them as nonwords, they need relatively much time. These results support the hypothesis that a featureÕs relevance is correlated with its phonological stability, as word-initial fricatives in Dutch are always realized in accordance with their lexical manner and place specifications, while lexically voiced fricatives are regularly realized as unvoiced. The listeners attached little value to voice in both the unvoiced and voiced realizations of fricatives, but nevertheless somewhat more in the voiced realizations. This shows that listeners rely little upon features of which at least one value is uninformative, and also that they rely the least on the least informative value.
We found no convincing evidence that Dutch listeners rely less on voice than on manner and place of articulation for word-initial plosives. Since voice is as stable as manner and place in word-initial position for plosives, and it is less stable only in word-final position, the relevance of a feature appears to be determined es-pecially by its phonological stability in the relevant prosodic position.
Experiments 2-4 showed that, especially for fricatives, voice is less relevant than manner and place of articulation also in written word recognition. Hence also in written word recognition, a featureÕs relevance correlates with its phonological stability. These results support earlier claims that visual word identification may involve a phonological (e.g., Coltheart, Curtis, Atkins, & Haller, 1993) , and even a subphonemic level (Lukatela et al., 2001) . The relatively low relevance of voice, however, is somewhat less pronounced in the selfpaced reading experiments than in the auditory lexical decision experiment. This may be due to the presence of context in the reading experiment, which may help the language users overcome the feature mismatches. In addition, the less pronounced differences may be inherent to the reading task in which the orthographic form may provide direct lexical access (Coltheart et al., 1993) .
In contrast to previous studies (Connine et al., 1993; Lukatela et al., 2001; Milberg et al., 1988) , both our auditory lexical decision experiment and our self-paced reading experiments do not support the hypothesis that an increasing number of mismatching features increasingly hinders word identification. The relevance of the feature values is determinative, and the relevance of each feature value is affected by its phonological stability in the given prosodic position, and by the phonological stability of the other values of that same feature.
